This is an open access article under the terms of the Creat ive Commo ns Attri butio n-NonCo mmerc ial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. Abstract Background: Increasing evidence suggests an association between lifestyle and white blood cell (WBC) count; however, no study has examined the effects of lifestyle associations on hematological parameters. The aim of this study was to examine the association between lifestyle factors and hematological parameters in a large population-based sample of Chinese male steelworkers. Methods: This study included 3189 male workers at a steel plant who responded to a cross-sectional questionnaire on basic attributes, lifestyle, and sleep. All workers in the plant underwent periodic health checkups. Hematological parameters were also examined at the checkup.
| INTRODUC TI ON
Oxygen, nutrients, and waste products are exchanged via the blood, including plasma and blood cells (red blood cells (RBCs) and white blood cells (WBCs)), WBCs are responsible for inflammation, and RBCs carry oxygen and nutrients to all tissues of the body and waste products away from the organs. Hematological abnormalities have been associated with coronary heart disease (CHD), oxidative damage, and other health problems. [1] [2] [3] [4] Epidemiological studies have reported associations between an increased WBC count and the risk of CHD and subclinical atherosclerosis. 5, 6 A high RBC count may be a symptom of a disease or disorder, although it does not always indicate a health problem, and health or lifestyle factors can also cause a high RBC count. 7 Furthermore, a high hemoglobin count in the absence of any other abnormalities is unlikely to be related to any condition of concern. Specific disorders such as chronic obstructive pulmonary disease, 8 heart failure, 9 liver cancer, 10 and kidney cancer 9 or lifestyle factors such as smoking and living at a high altitude 7 may affect the hemoglobin level. In addition, Braekkan et al 11 that hematocrit was an independent risk factor for hypertension in the general population. In addition, previous studies have shown that high mean corpuscular volume (MCV) is a prognostic indicator for acute decompensated heart failure 13 and that it is associated with all-cause mortality, cardiovascular disease mortality, and infectionassociated mortality in patients with chronic kidney disease stages 3-5, 14 and that mean corpuscular hemoglobin (MCH) is a predictor of iron deficiency. 15 Although numerous studies have indicated that lifestyle factors such as smoking, alcohol consumption, shift work, and exercise may exert an important effect on WBC count, [16] [17] [18] [19] little is known about the association between hematological parameters and lifestyle factors. To promote primary prevention of CHD and other diseases at the workplace, the evaluation of lifestyle factors related to hematological parameters is considered to be important. As hematological parameters are commonly measured in clinical laboratory tests, we examined the associations between lifestyle factors (alcohol consumption, smoking, physical exercise, poor sleep, shift work, and obesity) and hematological parameters in a large population-based sample of Chinese male steelworkers.
| MATERIAL S AND ME THODS

| Study population
A total of 3189 male steelworkers, all >20 years of age, were enrolled in this study. The subjects were recruited from the Occupational Clinic of E-Da Hospital. Each subject gave informed consent, and the study protocol was approved by the Human Research Ethics Committee of Kaohsiung E-Da Hospital. None of the subjects included in this study had a history or manifestations of acute or chronic inflammatory disease, cancer, active liver or kidney disease, chronic pancreatitis, history of ischemic heart disease, infection, and hormonal therapy. In addition, subjects with incomplete demographic, occupational history, or sleep quality data were excluded.
Details of the study design and population characteristics are available in an earlier report. 17 Lifestyle factors were identified based on the participants' answers to five questions on a self-reported questionnaire. All questions had three possible answers, except for job schedule, which had two. The questions and their possible responses were as follows. Physical exercise was assessed using the question "How often did you exercise during the past month?" Response options were hardly ever, once, and twice or more. For job schedules, the participants were asked whether they were daytime workers (8:00-17:00) or shift workers who worked rotating shifts comprising morning (07:00-15:00), afternoon (15:00-23:00), and night (23:00-07:00)
| Data collection and definitions
shifts. Sleep quality was assessed using the question "How often did you have poor sleep during the past month?" Response options were almost never, sometimes, and often and almost always.
The subjects' smoking status was classified as never having smoked, former smoker (quit smoking for at least 1 year), or current smoker. Alcohol consumption status was classified as never having drunk, former drinker (quit drinking for at least 1 year), or current drinker. In this study, former and current drinkers were analyzed as a single group. 20 
| Laboratory measurements
On the morning of the procedure and after fasting for at least 8 hours, blood samples were collected, stored, and analyzed by one single laboratory. Serum levels of triglycerides, total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and glucose were measured using standard commercial methods on a parallel, multichannel analyzer (Hitachi 7170A) as in our previous reports. 17 Total leukocyte count, RBC, hemoglobin, hematocrit, MCV, and MCH were measured using an automatic hematological analyzer (XE-2100 Hematology Alpha Transportation System; Sysmex Corporation). To minimize the confounding effect of infection, subjects with a WBC count below 4.0 × 10 9 /L or greater than 10.0 × 10 9 /L were rechecked and examined extensively for possible occult or chronic infections. Any specimen with abnormal or atypical leukocytes were re-analyzed and excluded.
| Statistical analysis
Data are presented as the mean ± SD. All statistical analyses were performed using the Statistical Package for the Social Sciences and MCH) were tested for trends. All statistical analyses were two-sided, and a P value < 0.05 was considered to be statistically significant.
| RE SULTS
The subjects' characteristics are shown in Table 1 . The mean ± SD age of the subjects was 42.9 ± 7.4 years. Of the 3189 participants, 1415 (44.4%) had engaged in shift work for at least 1 year. The prevalence rates of obesity, alcohol consumption, current smokers, hardly ever partaking in physical exercise, and often or almost always having poor sleep were 752 (23.6%), 1602 (50.2%), 1184 (37.1%), 839 (26.3%), and 309 (9.7%), respectively. Table 2 shows comparisons of hematological parameters of the study subjects grouped by age, alcohol consumption status, smoking status, physical exercise, poor sleep, shift work, and obesity. There were statistically significant increases in WBC count in the subjects who were <45 years old, were current smokers, were hardly ever exercised, often or almost always had poor sleep, worked shifts, and were obese (all P < 0.01). RBC count was elevated in the subjects who were <45 years old, were never smokers, worked shifts, and were obese, and decreased in those who had exercised two or more times in the past month (all P < 0.05). In addition, there were significant increases in hemoglobin and hematocrit in the subjects who were <45 years old, were current smokers, hardly ever exercised, often or almost always had poor sleep, worked shifts, and were obese (all P < 0.05). Moreover, MCV and MCH were elevated in the subjects ≥45 years old, alcohol drinkers, and current smokers (all P < 0.05). There were no significant differences in WBC count, RBC count, hemoglobin, and hematocrit between drinkers and non-drinkers, and there was no significant difference in RBC count with regard to sleep status. There were no significant differences in physical exercise (hardly ever, once, and twice or more in the past month), poor sleep (almost never, sometimes, and often or almost always in the past month), shift work (yes, no), and obesity (yes, no) among MCV and MCH values (all P > 0.05) ( Table 2 ).
Univariate analysis revealed that WBC count was positively associated with smoking, poor sleep, hypertension, hyperlipidemia, shift work, and obesity and that RBC count was positively associated with hyperlipidemia, shift work, and obesity. Furthermore, hemoglobin was positively associated with smoking, poor sleep, hyperlipidemia, shift work, and obesity, and hematocrit was positively associated with smoking, poor sleep, hyperlipidemia, shift work, and obesity.
Moreover, MCV was positively associated with age, drinking, and smoking, and MCH was positively associated with age, drinking, smoking, and hyperlipidemia. In addition, age was negatively associated with levels of WBC, RBC, hemoglobin, and hematocrit. Physical exercise was negatively associated with levels of RBC and hematocrit (Table 3) .
TA B L E 1 Clinical and biochemical characteristics of the study population
Multiple linear stepwise regression analysis showed that the significant independent factors for total WBC count were age the significant independent factors were age (β = 0.088, P < 0.0001) and smoking (β = 0.116, P < 0.0001), and for MCH were also age (β = 0.067, P = 0.001) and smoking (β = 0.087, P < 0.0001) ( Table 4 ). The frequency of poor sleep also differed among quartiles of total WBC count and hematocrit concentrations. Furthermore, the frequency of shift work differed among quartiles of total WBC count.
TA B L E 3 Association of covariates with hematological parameters
Moreover, the frequency of obesity differed among quartiles of total WBC count, RBC count, hemoglobin, and hematocrit levels (all P < 0.001), and the trends were all significantly linear (all P < 0.001) ( Figures 1 and 2 ).
| D ISCUSS I ON
In the present study, we found independent positive associations between total WBC count and cigarette smoking, poor sleep, shift In this study, WBC count, hemoglobin, hematocrit, MCV, and MCH were significantly higher in current smokers than in former and/or never smokers. The significant increases in WBC count, hemoglobin, hematocrit, MCV, and MCH in those who smoked are consistent with previous studies. 7, 21, 22 Smith et al reported that total WBC count and its components were strongly associated with cigarette smoking and that smoking cessation may have an almost immediate impact on pathophysiologic processes such as inflammation that may be indicated by WBC count. 21 Malenica et al showed that continuous cigarette smoking had severe adverse effects on hematological parameters (eg, hemoglobin, WBC count, MCV, RBC count, hematocrit) and that these alterations might be associated with a greater risk of developing atherosclerosis, polycythemia vera, chronic obstructive pulmonary disease, and cardiovascular diseases. 7 Some studies have suggested that an increase in hemoglobin level in the blood of smokers could be a compensatory mechanism F I G U R E 2 The prevalence rates of obesity, smoking, and poor sleep stratified by red blood cell (RBC) count, hematocrit, mean corpuscular volume (MCV), and mean corpuscular hemoglobin (MCH). The frequencies of obesity differed among quartiles of RBC count (P < 0.0001, A); smoking, poor sleep, and obesity differed among quartiles of hematocrit (all P < 0.001, B-D); and smoking differed among quartiles of MCV and MCH (all P < 0.0001, E, F), and the trends were significantly linear (all P < 0.001) mediated by exposure to carbon monoxide. 23 Carbon monoxide from cigarette smoke has also been reported to lead to an increase in permeability of the capillaries, which decreases the plasma volume and mimics the condition of polycythemia, characterized by an increased percentage of erythrocytes in the blood volume, which is then reflected in increased values of hematocrit. 24 The present study showed that shift work was associated with a higher WBC count. Increasing evidence has demonstrated an association between elevations of inflammatory markers and the risk of medical conditions, including cardiovascular disease, arthritis, diabetes mellitus, and certain cancers, which have also been reported in shift workers. The significant increase in WBC count in shift workers is consistent with previous studies. 17, 28 In studies by Lu et al and Puttonen et al, peripheral total and differential leukocyte counts were significantly higher in shift workers, 17 and 2-and 3-shift work was associated with increased systemic inflammation, 28 suggesting that shift work may be a risk factor for cardiovascular disease.
Higher WBC count, RBC count, hemoglobin, and hematocrit were associated with obesity. The significant increase in WBC count in the obese subjects is consistent with previous studies. 29, 30 Some studies have reported a significant association between obesity and WBC count in healthy individuals 29 and also a significant correlation between body weight and total leukocyte count. Morbid obesity has also been reported to be a cause of physiologic leukocytosis. 30 The cause of the higher RBC count, hemoglobin, and hematocrit in obesity is unclear. Iron deficiency is common in overweight and obese individuals, and the greater blood volume in these individuals may increase hemoglobin mass and iron requirements. A recent study showed that total circulating masses of interleukin-6 (IL-6), hepcidin, hemoglobin, and soluble transferrin receptor (sTfR) were higher in overweight/ obese women compared to normal weight women and that there was an increase in hemoglobin mass that likely increased iron requirement for erythropoiesis and circulating TfR mass in overweight/obese women. 31 Obesity is a risk factor for many diseases including type 2 diabetes, hypertension, heart disease, stroke, dyslipidemia, osteoarthritis, gynecological problems, sleep apnea, and respiratory problems.
Barazzoni et al 32 reported that positive associations among BMI and RBC count, hemoglobin, and hematocrit were dependent on abdominal fat distribution and insulin resistance markers and that obesity per se was not associated with altered hematological parameters. In addition, Sinnapah et al 33 reported that increased RBC aggregation in patients with sleep apnea is caused by being overweight. In addition, in the present study, more of the obese subjects smoked than the nonobese subjects (40.1% vs 36.6%, P = 0.048). To compensate for decreased oxygen delivery capacity, smokers have a higher hemoglobin level than non-smokers. 23 Whitehead et al observed that hemoglobin and hematocrit levels were significantly increased in subjects smoking more than 10 cigarettes per day. 34 Taken together, smoking may have played a role in the higher hemoglobin and hematocrit levels in the obesity subjects in the current study.
Our findings regarding poor sleep and higher WBC count are consistent with those of previous studies. 35, 36 Sleep deprivation has been shown to be associated with inflammatory responses such as interleukin-6, 37 high-sensitive C-reactive protein, 38 and WBC count. 35 Thus, sleep disturbances may activate inflammatory responses, which may contribute to cardiovascular disturbances. In addition, poor sleep was significantly associated with hematocrit concentration in the present study. Moreover, the subjects with poor sleep had higher rates of smoking than the subjects who did not have poor sleep (58.0% vs 35.4%, P < 0.0001) in the present study. Eisenga et al 39 identified that hematocrit levels were higher in current smokers than in non-smokers, and in multivariate linear regression analysis, currently smoking was independently positively associated with hematocrit and hemoglobin levels compared to never having smoked, which is similar to the current study. It is also presumed that poor sleep can cause smoking, which may have contributed to the higher hematocrit concentration among the workers with poor sleep in this study.
In conclusion, our data indicated that cigarette smoking, poor sleep, shift work, and obesity increased hematological parameters 
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